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The Fundamental Strategy

Lattice Design Using SYNCH (Al Garren)
System Optimization using ICOOL (H. Kirk)
Realistic Fields using TOSCA (Steve Kahn)

Explore dipole-only rings utilizing edge focusing
Weak-focusing dipoles
Strong-focusing (FFAG like)

Use gaseous H2 as absorber
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6D Cooling in  Gas-filled Rings

λ = ρ / Rc =1Closed orbits scale such that the path 
length of each orbit is proportional to 
the particle momentum.

6D Merit =   Transmission x

(εx εy εz)initial/ (εx εy εz)final

Key Issue:  Gas filled RF 
Cavities
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Rolland Johnson’s GH2 R&D

 

Schematic                                   As built
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High Pressure GH2 RF Cell Tests

H2 vs He RF breakdown at 77K, 800MHz
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Gas Filled Weak-focusing Dipole Rings

Key parameters at r = 60 cm
βx = 53 to 72 cm ; βy = 60 to 64 cm
Dispersion = 60 to 64 cm 
Circumference  =  3.91 m
P0 = 250 MeV/c ;  B0 = 2.62T
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6 Sector  Dipole Ring Performance
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Introduce Skew Quadrupoles
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Skew quadrupoles
real estate at 9% 
circumference

Test various 
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X/Y Coupling 
achieved
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Skew Quadrupoles Performance
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250 MeV/c and 200 MHz Closed Orbits 

Fix the closed orbits for 250 MeV/c
muons such that the total path length is a 
harmonic of 200 MHz.
Then:
Harmonic 2 

Circumference = 2.74 m
B0 = 3.73T 

Harmonic 3 
Circumference = 4.11 m
B0 = 2.49T 

Harmonic 4 
Circumference = 5.49 m
B0 = 1.87T 
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Merit Factors vs 200 MHz Harmonics

Results: 250 MeV/c

Harmonic 4
Merit  Factor 10

Harmonic 3
Merit Factor  60

Harmonic 2
Merit Factor 460
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Toward A Demonstration Scenario

DC dipole field at 1.8T
Pulsed dipole field ~ 3T (or SC)
Merit factor of ~ 10 is sufficient
Muon decay ignored
Gas density at 10 atmos at 77ο K
Vertical aperture at  ±15 cm
Horizontal aperture at ±20 cm

Oxford Miss. Workshop: Cost estimate is ~$5M
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1.8T Dipoles and 200 MHz Closed Orbits 

Fix the closed orbits for a 1.8T dipole
such that the total path length of the 
muons is a harmonic of 200 MHz.
Then:
Harmonic 2 

Circumference = 1.76 m
P0 = 77 MeV/c

Harmonic 3 
Circumference = 3.76 m
P0 = 165 MeV/c

Harmonic 4 
Circumference = 5.45 m
P0 = 240 MeV/c
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Merit Factors for 1.8T Dipole Case 

Results:

Harmonic 4
Merit  Factor  9

Harmonic 3
Merit Factor  30

Harmonic 2
Merit Factor 21

 0

 10

 20

 30

 40

 0  400  800  1200  1600

6D
 M

er
it

Total Path Length, m

Harmonic 2
Harmonic 3
Harmonic 4



Harold G. Kirk

1.8 T Dipoles

Harmonic 2 Harmonic 3
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Merit Factor for n-sector Dipoles 

Harmonic n = 3
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Empty Cells – One vacant cell

Excluded: 
No throughput
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Empty Cells – Two vacant cells

Excluded: 
No throughput

Excluded: 
No throughput

Merit Factor: 
12
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Empty Cells – Three vacant cells

Excluded: 
No throughput

Excluded: 
No throughput

Merit Factor: 
26
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Empty cells for 6-sector Dipoles 
Leave empty cells for injection/ejection
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Empty Cell Results Summary

# Dipoles Atmospheres Missing
Cells

Vertical
Aperture (cm)

Merit

6 40 0 ±15 33

6 40 3 ±15 26

6 40 0 ±10 9

6 40 3 ±10 9

4 40 0 ±15 20

4 40 2 ±15 6

4 20 2 ±15 7
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4 Sector Dipoles—3rd Harmonic

Freq.
MHZ

X εI

mm

Y εI
mm

Z εI
mm

X Merit Y Merit Z Merit Total
Merit

100 12 8.7 41 2.2 2.4 12.2 34

200 13 8.9 24 2.4 2.3 7.4 20.3

400  11 7.8 8.5 1.8 1.8 1.8 2.0
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Summary

Gas filled rings have potential as  muon 
cooling/storage rings.

The weak-focusing, 6-sector dipole lattices 
configured for harmonic n=3 at 200 MHz is a 
promising model for a prototype system.

Still to do
Injection/ejection system.
Full (GEANT) 3D simulation.


	Gas-filled Ring Coolers
	The Fundamental Strategy
	6D Cooling in  Gas-filled Rings
	Rolland Johnson’s GH2 R&D
	High Pressure GH2 RF Cell Tests
	Gas Filled Weak-focusing Dipole Rings
	6 Sector  Dipole Ring Performance
	Introduce Skew Quadrupoles
	Skew Quadrupoles Performance
	250 MeV/c and 200 MHz Closed Orbits
	Merit Factors vs 200 MHz Harmonics
	Toward A Demonstration Scenario
	1.8T Dipoles and 200 MHz Closed Orbits
	Merit Factors for 1.8T Dipole Case
	1.8 T Dipoles
	Merit Factor for n-sector Dipoles
	Empty Cells – One vacant cell
	Empty Cells – Two vacant cells
	Empty Cells – Three vacant cells
	Empty cells for 6-sector Dipoles
	Empty Cell Results Summary
	4 Sector Dipoles—3rd Harmonic
	Summary


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


